To evaluate laboratory safety monitoring in patients taking selected chronic prescription drugs.
DESIGN:
Retrospective study using 1999-2001 claims data to calculate rates of missed laboratory tests (potential laboratory monitoring errors). Eleven drugs/drug groups and 64 laboratory tests were evaluated.
SETTING:
Two staff/network model health maintenance organizations.
PATIENTS:
Continuously enrolled health plan members age 19 years taking 1 chronic medications. Tak ing into account that patients were sometimes missing more than 1 test for a given drug and that patients were frequently taking multiple drugs, the rate of all potential laboratory monitoring errors was 849/ 1,000 patients/year in 1999, 810/1,000 patients/year in 2000, and 797/1,000 patients/year in 2001. Rates of potential laboratory monitoring errors varied considerably across individual drugs and laboratory tests.
MEASUREMENTS AND MAIN RESULTS:
CONCLUSIONS: Lapses in laboratory monitoring of patients taking selected chronic medications were common. Further research is needed to determine whether, and to what extent, this failure to monitor patients is associated with adverse clinical outcomes. In a retrospective study using outpatient and pharmacy claims from two health maintenance organizations (HMOs), we determined whether patients taking selected chronic medications received recommended laboratory monitoring.
METHODS

Study Population
We determined rates of missed laboratory tests (potential laboratory monitoring errors) in 1999, 2000, and 2001 in patients receiving chronic medications for which specific laboratory monitoring is recommended. The study population comprised ongoing users of a chronic medication and the study was conducted using claims data from two HMOs. In 2000, the two HMOs had approximately 657,000 and 240,000 members. This analysis was part of a larger study. In this analysis, patients from small medical groups (those serving fewer than 30 health plan members) were excluded because the analysis plan for the larger study required exclusion of smaller medical groups.
For each study year, eligible subjects were those members who were 1) continuously enrolled with pharmacy benefits during the study year and for the 6 months prior, 2) affiliated with an HMO medical group for their primary health care, 3) age 19 years as of January 1, and 4) taking a chronic medication throughout the study year and during the prior 6 months (the 6-month look-back period permitted exclusion of patients new to drug therapy).
Patients were required to have obtained sufficient medication to cover at least 6 months of use during the study year, verified through pharmacy claims data. Sensitivity analysis showed that requiring patients to have obtained medication sufficient to cover 80% of the year (9.6 months) would not have substantively affected error rates, but would have reduced sample size considerably. Patients also were required to have had a supply of medication at the end of the study year. This ensured that no patients were included who had intentionally discontinued use of the drug during the year and thus no longer needed laboratory monitoring.
Laboratory Monitoring Errors
We selected for evaluation 11 drugs/drug groups and identified recommended laboratory tests and test intervals from the Physician's Desk Reference (PDR), 9 FDA black box warnings, and HMO practice guidelines developed by physicians and clinical pharmacists. We limited our evaluation to tests used to monitor patient safety rather than drug efficacy. Based on final review of the list by two primary care physicians and two clinical pharmacists, we further limited our evaluation to 64 tests deemed of most clinical importance.
In cases where several drugs within the same class had different recommended test intervals, we applied the longer time interval to all drugs in that class (e.g., recommended liver function testing intervals for 3-hydroxy-3-methyl-glutaryl coenzyme A reductase inhibitors [statins] range from every 6 months to every 12 months for ongoing users, so we applied the 12-month guideline to all drugs in this class). We identified laboratory tests in claims data using procedure codes.
For the vast majority of drugs examined, guidelines recommended annual laboratory testing in ongoing users of the medication. In that case, we considered the guideline to have been met if the relevant test was conducted at any time during the study year. An exception to this annual testing regimen was warfarin, for which monthly international normalized ratio (INR) or prothrombin time (PT) tests are recommended. In this case, we considered it an error when a patient had no test in 3 out of 12 months (i.e., the patient was unmonitored 25% of the time).
We refer to the absence of the recommended test as a ''potential laboratory monitoring error'' to acknowledge that these may not be actual errors. Not all physicians agree with existing laboratory testing recommendations, recommendations differ from source to source, and not all lapses in recommended monitoring result in adverse events.
RESULTS
In 2001, the 36,811 patients taking any of these chronic medications had a mean age of 57.8 years and took an average of 9.3 different medications. The patient group was 50.9% male. The majority were enrolled in a commercial plan (83.1%), rather than a Medicare risk (9.1%) or Medicaid (7.8%) plan. Patient characteristics were similar in 1999 and 2000. Table 1 shows overall rates of potential laboratory monitoring errors. Between 44.0% and 47.1% of medication users had at least 1 potential laboratory monitoring error per year. Many patients, however, were missing more than 1 laboratory test for a single medication. Additionally, many patients were taking more than 1 chronic medication, with 1 or more lapses in laboratory monitoring occurring for each medication. Thus, the overall annual rate of potential errors in this population was 849/1,000 patients in 1999, 810/1,000 in 2000, and 797/1,000 in 2001. Table 2 shows the rates of potential laboratory monitoring errors in patients by drug/drug group and test. Rates of potential laboratory monitoring errors in this population varied considerably across individual drugs and tests.
DISCUSSION
Of patients taking 1 or more chronic medications, 44.0% to 47.1% of patients each year did not receive 1 or more recommended laboratory tests. Some of our findings can be compared to those of prior studies. For example, we found that 22% to 27% of patients taking statins did not receive an annual LFT, slightly more than the 15% reported by Smith et al. 10 Most published studies evaluating monitoring practices, however, have concerned patients new to drug therapy. Graham et al. found that during the first 3 months of therapy, less than 5% of patients taking troglitazone received recommended LFTs. 6 Although troglitazone is no longer on the market, the FDA exerted considerable effort to encourage safety monitoring of the drug during the years of this study. Nevertheless, we found that of patients taking troglitazone on an ongoing basis, 7% to 23% did not receive an LFT during a 12-month period. Some lapses in monitoring may be more serious than others, such as inadequate monitoring of potassium in patients taking angiotension converting enzyme (ACE) inhibitors and spironolactone. 11, 12 For some medications there is debate concerning the benefit and necessity of monitoring for acute and chronic complications. 10, 13 Even when physicians believe laboratory monitoring is clinically important, however, they may be hampered by the patient not accessing health care; by lack of time during patient visits; by not having easy access to records of the patient's current drug regimen; and by a lack of tracking tools, such as computerized reminders for the physician or mailed reminders to the patient. Our identification of a high level of discrepancy between recommended monitoring and actual use suggests a need for improved systems for adherence and/or modification of monitoring recommendations based on research evidence. This study has several limitations. First, we may not have captured all laboratory tests in this patient population. Procedure coding errors or missing claims data could have led to overestimating potential error rates. Second, identifying prescription drug use from computerized claims records provides only an indirect picture of actual patient medication use. Not all of the patients in our denominator calculations may have been actually taking the drug and in need of safety monitoring. Such errors could have led to overestimating the size of the denominator population and therefore the error rate. We attempted to minimize this problem by requiring subjects to have evidence of a prescription refill not just during, but pri- or to and at the end of the study year. Finally, we did not measure the actual rate of adverse events associated with lapses in safety monitoring. This study assesses only the potential for adverse outcomes related to inadequate monitoring; the actual occurrence of adverse drug-related events that could be prevented by laboratory monitoring would be expected to be considerably less frequent. 1, 7 This study found that a large proportion of patients receiving selected chronic medications did not receive recommended laboratory monitoring in the outpatient setting. Although there may be varying opinions about which tests are needed and when, the data suggest that failure to monitor is widespread across drug categories and may not be easily explained by disagreements concerning monitoring regimens. Further research is needed to determine to what degree these lapses in laboratory monitoring are associated with adverse clinical outcomes, to identify relevant methods to improve monitoring, and to clarify monitoring needs. 
